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Abstract 
 
The first in-grid demonstration of a high-temperature superconducting (HTS) cable system in Japan was carried out to verify its 
reliability and stable operation. The cable design was completed in association with DI-BSCCO and a pre-performance test of a 30-
m HTS cable system was carried out to check its operation. A HTS cable was manufactured for demonstration purposes and passed 
all shipping tests. The installation of the cable was successful, and system construction has now been completed. After confirmation 
of the soundness of the cable system, it was connected to a live grid and the in-grid demonstration commenced in October 2012. 
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee. 
 
Keywords: High-temperature superconductors; Power cables; In-grid demonstration 
 
1. Introduction 
  
One of the aims of the national project that began in 2007, involving Tokyo Electric Power Company (TEPCO), 
Sumitomo Electric Industries (SEI) and Mayekawa Mfg. Corporation (MYCOM), was to operate a 66 kV, 200 MVA 
HTS cable system in a live power grid in order to demonstrate its reliability and stable operation [1]. TEPCO has 
provided a live power grid for the demonstration and verified system operation and maintenance techniques. SEI has 
developed the HTS cable technologies and has been responsible for the manufacture and construction of the HTS 
cable system. MYCOM has designed and assembled the cooling system. 
Fig. 1 shows the project schedule. I) During the first two years, the cable comprising DI-BSCCO wires was 
designed and tested in order to meet the required specifications [2]. II) In 2009, a 30-m cable was constructed in order 
to verify its performance before installing a demonstration cable system [3]. A performance test of the cooling system 
was conducted in 2010 in order to confirm its operational characteristics. III) A demonstration cable system was 
constructed and Japan’s first in-grid operation has now commenced. 
 
 
Fig. 1. Schedule of the demonstration project 
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2. HTS cable 
 
Fig. 2 shows the structure of the demonstration cable. The three cores are housed in a single cable cryostat, 
offering the advantages of compact installation space and reduced heat invasion compared with three single-core 
cables, each requiring a separate cryostat. The cable core consists of a former made from stranded copper wires, an 
HTS conducting layer, an insulation layer, an HTS shielding layer, and a copper shielding layer - all of which are 
coaxially wound around the former. 
To reduce the AC loss, low-loss DI-BSCCO wires (Type ACT) were used in the 3rd and 4th conducting layers. 
Type ACT wires contain twisted superconducting filaments, reducing AC loss to one third that of standard DI-BSCCO 
wires (Type HT) [4] which are used in the 1st and 2nd conducting layers and shielding layers. The loading test showed 
that the AC loss of the designed cable was 0.8 W/m/phase at 2 kA, thereby meeting the required specification of 1 
W/m/phase or less. 
A 270-m demonstration cable was manufactured using DI-BSCCO wires approximately 100 km long. This cable 
passed all shipping tests (see Table 1). The cable was then cut into two segments and the cryostats were thoroughly 
vacuumed and filled with nitrogen gas before shipment. 
 
 
3. System construction 
 
The Asahi substation (Yokohama, Kanagawa) was chosen as the demonstration site, after taking space, current 
capacity and other factors into consideration. The Asahi substation is an outdoor type and has three sets of 200 MVA, 
154/66 kV step-down transformers. Fig. 3 shows the layout of the HTS cable system, consisting of a 240-m HTS cable 
with a cable-to-cable joint and a cooling system connected to each cable termination.  
The two cables were installed in their respective conduits. The maximum measured tension was 1.3 tons, which 
was within the designed tolerance of the cable (2 tons). The length of each cable was adjusted (by cutting) in the same 
manner as that used for conventional power cables, and the joint and terminations were then assembled (as shown in 
Fig. 4). 
 
    
Fig. 3. Layout of the demonstration system   Fig. 4. Cable terminations   
 
A schematic diagram of the cooling system is shown in Fig. 5, and the installed system is shown in Fig. 6. The 
cooling system is composed of six 1 kW Starling-type refrigerators, two circulating pumps, a reservoir tank and other 
apparatus. The six refrigerators were arranged in three rows with two units in each, while the circulating pumps were 
placed in parallel. Using this layout, we could evaluate the advantages and disadvantages of serial/parallel 
arrangement of the refrigerators and circulating pumps, as well as their maintainability and troubleshooting procedures 
Fig. 2. Structure of the HTS cable 
Table 1. Shipping test results 
Test items Conditions/results  Comments 
Critical current 
measurement 
Conductor: 6.9 kA, 
Shield: 7.3 kA at 77.3 K 
As designed 
AC loss 
measurement 
0.9 W/m/phase at 2kA, 50Hz As designed 
Cable bending  
test 
No Ic degradation with 2.7 m 
bending 
2.7 m < 18 D 
(D: cable diameter)
Withstand 
voltage tests 
No breakdown and no PD 
signal at AC 90 kV for 3 hours. 
No breakdown at Imp ±385 kV, 
3 repetitions 
Refer to Japanese 
standard 
(JEC 3401, 2006) 
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while the cable operation is active. The cooling system was partly assembled in MYCOM’s factory in order to verify 
its performance, and it was then disassembled for shipping purposes and reassembled at the Asahi substation. 
 
   
Fig. 5 Schematic diagram of the cooling system   Fig. 6 Cooling system   
 
4. Completion tests 
 
4.1. Initial cooling 
 
To minimize the time needed to accomplish initial cooling of the total system, the cable system was cooled 
separately from the rest of the cooling system in accordance with the following procedures.  
 Cooling the entire cable system by filling it with nitrogen gas at -100°C and -150°C through terminal A, while 
monitoring the temperature and pressure of each portion and the cable load at both ends. 
 Feeding liquid nitrogen into the cable system after the temperature gradient in the system had saturated 
sufficiently. 
 Connecting the cable system and cooling system after the respective pressures in both systems had equalized, 
then sequentially starting the circulating pumps and refrigerators in order to shift to stationary cooling mode. 
The change in cable temperature distribution is shown in Fig. 7. Only about 3 days were required to carry out the 
procedures described above, indicating that we had successfully established an effective technique for rapidly and 
steadily cooling the cable. 
 
4.2. Critical current measurement 
 
The critical current (Ic) characteristics were measured to check the soundness of the HTS conductor layer. 
Measuring method 
When dealing with a long-distance power transmission line, it is difficult to carry electric current by simply 
connecting a DC power source to both ends of a single cable core. Therefore, in this project we studied a “go-and-
return energization method” – bearing in mind the practical use of HTS cable systems in the future. The HTS 
conductor layers of two of the three cores were used to carry current in both directions. 
Estimated waveform 
When an electric current is carried on two conductors in different directions, a shielding current is induced in the 
corresponding HTS shield layers which are short-circuited inside both terminations. This shielding current flows in the 
opposite direction to that of the conductor layer current. Since the induction rate of the shielding current is smaller 
than it would be when an AC current is carried, a magnetic field leaks from each core. As a result, the measured Ic 
value becomes smaller than the sum of the Ic values of the HTS wires being used. We carried out a transient electro-
magnetic simulation using the Ic values and Ic-B characteristics of the DI-BSCCO wires. The sum of the Ic values of 
the DI-BSCCO wires was 6.8 kA, while the estimated Ic value of the cable was 6.5 kA. The estimated I-V waveform 
of the cable is indicated by a dotted line in Fig. 8. 
Measurement result 
Fig. 8 also shows the measured I-V waveforms of three phases when the mean cable temperature was 77.3 K. The 
Ic values of three phases were equal to 6.4 kA. This value was very close to the estimated value, verifying the 
soundness of the HTS conductor layers. We conducted a total of three cooling tests (with heat cycles), including this 
measurement test, and confirmed that the cable system was capable of reliably maintaining its performance. As a 
result of this testing, we have established an Ic measuring technique that can now be used for long-distance HTS cable 
when it is put to practical use in the future. 
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Fig. 7. Temperature distribution during initial cooling  Fig. 8. Critical current measurement result  
 
5. Start of the in-grid demonstration 
 
Cable system performance was tested before commencing operation. The results confirmed that all specification 
requirements had been met. After successfully completing inspection of the cable system, it was connected to a live 
power grid at 3:22 p.m. on October 29, 2012, becoming the first of its type in Japan.  
System operation has now shifted to unattended mode and its operation status can be monitored remotely. The 
one-month operation status of the system is shown in Fig. 9, and its daily status can be seen at 
http://www.sei.co.jp/super/cable/jissho.html. The system will be subjected to a long-term transmission test lasting for 
at least one year. During this test, the system will be checked for its reliability and stability of operation and optimal 
maintenance procedures will be established. 
 
 
Fig. 9. Status of the in-grid operation 
 
6. Conclusions 
 
The first in-grid HTS cable demonstration in Japan has commenced. The cable design process has been completed 
and checked by means of various sample tests and a pre-performance 30-m cable test. All testing showed that the 
cable performed well, as designed, and satisfied all the required specifications. Demonstration cables have been 
manufactured and have passed all shipping tests. The installation of these cables has been successful and system 
construction has been completed. After completing inspection of the system, the HTS cable system was connected to a 
live power grid on October 29, 2012.  
This work was supported by the Japanese Ministry of Economy, Trade and Industry (METI) and the New Energy 
and Industrial Technology Development Organization (NEDO). 
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